Sawdust/MnFe 2 O 4 nano composite was prepared and characterized by FTIR, XRD, SEM and BET. The sawdust, MnFe 2 O 4 nano particles and sawdust/MnFe 2 O 4 nano composite were used for removal of indigo carmine (IC). The maximum percentage of adsorption of IC was found at contact time of 15 min and pH 2. The adsorption of IC followed by pseudo second order kinetic model. The experimental data of sorption isotherms analyzed with Langmuir and Freundlich isotherm. The adsorption of IC was best described by the Freundlich isotherm model. Thermodynamic results indicated that adsorption of IC is endothermic and spontaneous process. The reused sorbent can be regenerated and employed after 5 cycle with good efficiency.
INTRODUCTION
The indigo carmine (IC) is generated as a highly toxic dye, which may lead to tumors at the site of application. IC is an anionic dye and usually used in the textile, food and cosmetic industries. IC is also used for medical diagnostic purposes. Various attempts were done for removal of IC from water and wastewater. There are several methods for the reclamation of dyeing wastewaters. Various treatment techniques such as oxidation by ozone Sawdust is one of the most appealing materials among agricultural waste materials and it was used for removing pollutants such as, dyes, salts and heavy metals from water and wastewater. The sawdust consists of lignin, cellulose and hemicellulose, with polyphenolic groups playing important role for binding dyes through different mechanisms. Generally the adsorption takes place by complexation, ion exchange and hydrogen bonding [16] [17] [18] [19] [20] . Some of studies were shown that sawdust and modified sawdust have a sorption capacity for removal of most kinds of dyes from aqueous solution [21] [22] [23] [24] .
Magnetic adsorbents also can be used to adsorb dyes and contaminants from aqueous effluents. This is because magnetic particles possess not only strong adsorption activities, but also the property of being easily separated and collected [25] [26] [27] [28] [29] [30] .
In this study, sawdust, MnFe 2 O 4 nano particles and sawdust/MnFe 2 O 4 nano composite was prepared and characterized. Adsorption behavior of indigo carmine (IC) dye on sawdust/ MnFe 2 O 4 nano composite was studied. Optimum conditions for adsorption of IC were determined.
EXPERIMENTAL

Materials and methods
The sawdust was collected from sawmill in Yazd (Eucalyptus tree), Iran. Sawdust was washed several times to remove stick dirt, rinsed carefully with distilled water and finally dried at 80 °C for 12 h.
Indigo carmine (IC) dye was purchased from Merck and was used without further purification. IC has C 16 H 8 N 2 Na 2 O 8 S 2 formula. Chemical structure of IC is shown in Fig. 1 . It has a molecular weight of 466.36 g mol -1 . The solution of IC 1000 mg L -1 was prepared as stock solution and subsequently whenever necessary, diluted. The experiments have been carried out by agitation of known amount of sorbents in 30 mL of IC solution with an initial concentration 25 mg L -1 on rotary shaker at a constant speed of 150 rpm at room temperature (25°C ). IR measurements were performed by FTIR tensor-27 of Burker Co., using the KBr pellet. Samples were withdrawn at appropriate time intervals and centrifuged at 1000 rpm for 10 min.
The absorbance of the IC was measured using a UV-Vis spectrophotometer 160 A Shimadzu. The effect of pH was studied by adjusting the pH of dye solutions in the range of 2-11 with 0.1 M NaOH or HCl solutions. To evaluate the adsorption thermodynamic parameters, the effect of temperature on adsorption were carried out at 20-50 º C. All pH measurements were carried out with an ISTEK-720P pH meter. Scanning electron microscopy was performed using a Philips SEM model XL30 electron microscope. The powder Xray diffraction studies were made on Philips PW3719 X-ray diffractometer by using Cu-K ± radiation of wave length 1.54060 Å. Elemental analysis by atomic absorption spectrophotometry (AAS) was performed on a Shimadzu AA-6800. The specific surface area was measured by N 2 adsorption-desorption isotherm and was obtained with an ASAP-2010 instrument (Micromeritics).
Preparation of MnFe 2 O 4 and sawdust/MnFe 2 O 4 nano composite
The MnFe 2 O 4 nano particles were prepared by chemical co-precipitation method. 2 mmol of manganese (II) chloride and 4 mmol ferric chloride were dissolved in the distilled water and then under vigorous magnetic-stirring at 70 °C, NH 3 solution (10 %) was added drop wise to raise the suspension pH to around 10 and the stirring was continued for 1 h. After being cooled, the prepared MnFe 2 O 4 was repeatedly washed with distilled water and dried in an oven at 105 °C for 2h. Sawdust/MnFe 2 O 4 nano composite was prepared as the same method. The amount of sawdust was adjusted to obtain sawdust/MnFe 2 O 4 mass ratios of 1:10. The sawdust was added into a 50 mL solution containing manganese (II) chloride (2mmol) and ferric chloride (4 mmol) at 70 °C. Under vigorous magnetic-stirring and at 70 °C, NH 3 solution (10%) was added drop wise to raise the suspension pH to around 10 and the stirring was continued for 1 h. After being cooled, the prepared magnetic composite was repeatedly washed with distilled water and dried in an oven at 105 °C 25, 28 .
RESULTS AND DISCUSSION
Characterization of sorbents
Powder XRD patterns of sawdust, MnFe 2 O 4 and sawdust/MnFe 2 O 4 nano composite are shown in Fig. 2(a-c) to form a nano composite particle and does not cause a phase change in the magnetic particles. From the peak width of MnFe 2 O 4 /Sawdust, a particle diameter of 10-15 nm was obtained according to the scherrer formula, which is consisted with the result from SEM ( nm in the visible spectra of IC. This absorbance peak decreased in concentration as the treatment time increased, and after treatment for 120 min, this peak almost totally disappeared, which indicates the dye make smaller after adsorption.
Effect of pH
The adsorption of a dye depends highly on the pH value of dye solution 34 . Sorption of IC as a function of pH is shown in Fig. 7 . This was studied by varying the pH of aqueous solution of sorbents suspension from pH 2-11 at 25 °C. Maximum sorption yield was observed at pH 2. At low pH of solution, protonation of IC functional groups (N-H, O-H) cause the attraction between dyes and surface of sorbent. The results also suggest that to some extent carboxyl groups (-COOH) are responsible for the binding of dye. It has been reported that the ionization constant for a number of carboxylic acids range between 4 and 5.30 At lower pH, the carboxyl groups retain their protons reducing the probability of their binding to any positively charged ions. Whereas at higher pH (above 4.0), the carboxyl groups are deprotonated and as such are negatively charged. These negatively charged carboxylate (-COO-) attract the positively charged IC and binding occurs. Thus, IC binding to the sorbent is in essence an ion-exchange mechanism, which involves electrostatic interaction between the negatively charged groups in the cell walls and dye. However, in Fig. 7 it is observed that the sawdust binds IC even at pH below 7.0. This suggests that besides carboxyl groups, other groups may also be involved in dye binding. The reduction of IC removal in higher pH may be due to the increase of repulsive force between the functional groups on the surface of sawdust and anionic dye IC, and thus reduces the sorption of IC onto the surface of the sawdust and sawdust/MnFe 2 O 4 nano composite 25 .
Effect of amount of sorbent
The effect of mass of sorbent (0.05-1g) on the uptake of IC is shown in Fig. 8 . The experiments carried out using 30 mL of dye with initial dye concentration 25 mg L -1 and initial pH 2.0. The IC removal was increased with increasing mass of sawdust/MnFe 2 O 4 nano composite up to about 0.1-0.2g, and then IC removal remains almost unaffected by the MnFe 2 O 4 /Sawdust nano composite. The increasing in the adsorption is attributed to the availability of more adsorption sites and greater surface area for contact 35 . For higher mass of sorbent, the incremental of IC removal is very small and come to equilibrium 25, 36 .
The kinetic data of the adsorption of IC onto sawdust/MnFe 2 O 4 was evaluated using pseudo-first order and pseudo-second-order kinetic models. The pseudo-first order model assumes that the rate of change of solute uptake with time is directly proportional to difference in saturation concentration and amount of solid uptake with time 15 . ln (q e -q t ) = ln q e -k 1 t ... (1) Where q e and q t are the amounts of dye adsorbed per unite mass of the adsorbent (mg g -1 ) at equilibrium time and any time t, respectively and k 1 is the rate constant of adsorption (min -1 ). When ln (q e -q t ) was plotted against time, a straight line The pseudo-second order model as developed by Ho and McKay [15, 36] has the following form: t/ q t = t/q e + 1/(k 2 q e 2 )
... (2) Where q e and q t represent the amount of dye adsorbed (mg g -1 ) at equilibrium time and at any time, respectively. k 2 in the rate constant of the pseudo-second order equation (g mg -1 min -1 ). A plot of t/q versus time (t) would yield a line with a slope of 1/ q e and an intercept of 1/ (k 2 q e 2 ), if the second order model is a suitable expression.
The plot between ln (q e -q t ) versus time t shows the pseudo first order model and the plot of t /q versus time t shows the pseudo second order model (Fig. 9 a, b) . respectively. The kinetic model with a higher correlation coefficient r 2 was selected as the most suitable one.
It was found that application of pseudosecond order kinetics provides better correlation coefficient of experimental data than the first-second order model for adsorption of IC onto sawdust/ MnFe 2 O 4 composite. The good correlation coefficients were obtained by fitting the experimental data to Eq (2), indicating that the adsorption process of IC onto sawdust/MnFe 2 O 4 is pseudo-second order.
Thermodynamic parameters
Values of thermodynamic parameters are the actual indicators for practical application of a process. The values of H° and S° were calculated from the slope and intercept of the linear variation of ln K d with the reciprocal of the temperature, 1/T, by using the relation 23, 37 :
Where K d is the equilibrium constant. H°a nd S° were calculated the slope and intercept of van , t Hoff plots of ln K d versus 1/T. The results of thermodynamic parameters of IC adsorption onto sawdust/MnFe 2 O 4 are given in Table. 2.
The positive value of the standard enthalpy change indicates that the adsorption is endothermic; the reason may be due to a stronger interaction between pre adsorbed water and the adsorbent than the interaction between IC and the adsorbent. The positive value of S°, suggesting the process results is an increase in entropy. In the solid-liquid adsorption system, adsorption of solute onto the adsorbent and desorption of solvent from the adsorbent both exist; the former one is an entropy reduction process, and the latter is a contrary process. The entropy change of the adsorption is the sum of two processes. The negative value of G° for adsorption of IC onto composite is due to both enthalpy effect and entropy effect. The overall standard free energy change during the adsorption process was negative for the experimental range of temperature 20-70 °C, corresponding to a spontaneous process 36 .
Adsorption isotherm of IC
The equilibrium adsorption isotherm is of importance in the design of adsorption system. The adsorption isotherm indicates how the adsorption molecules distribute between the liquid phase and the solid phase when the adsorption process reaches an equilibrium state. Several isotherm equations are available and two important isotherms are selected in this study, the Langmuir and Freundlich isotherms.
The Langmuir adsorption model is given as:
... (5) The linearized form of Langmuir can be written as follows:
Where q e is the solid phase equilibrium concentration (mg g -1 ); C e is the liquid equilibrium concentration of dye in solution (mg L -1 ); K L is the equilibrium adsorption constant related to the affinity of binding sites (L mg -1 ); and q m is the maximum amount of dye per unit weight of adsorbent for complete monolayer coverage (mg g -1 ).
The Freundlich adsorption isotherm model, which is an empirical equation used to describe heterogeneous adsorption systems, can be represented as follows: q e = K F C e 1/n ... (7) Where q e and C e are defined as above, K F is the Freundlich constant representing the adsorption capacity (mg g -1 ), and n is the heterogeneity factor depicting the adsorption intensity. In most references, Freundlich adsorption may also be expressed as the following equation:
ln q e = ln K F + 1/n ln C e ... (8) The adsorption of IC was performed by shaking 0.1 g of sorbent in 30 mL IC at 30 °C and pH 2. Figs. 10 and 11 Table. 3.
Desorption and regeneration
Regeneration of an adsorbent is very important for industrial applications. At this juncture in study, the used adsorbent was regenerated following the process mentioned above. The sawdust/MnFe 2 O 4 nano composite is simple to thermally regenerate and regeneration temperature is commonly at or beyond 200 °C (Fig. 12 ). The adsorption capacity of the sawdust/ MnFe 2 O 4 nano composite for IC after its regeneration has also been studied. The regenerated samples of sawdust/MnFe 2 O 4 composite were again saturated with IC with the same initial concentration of 25 mg L -1 , determining their new adsorption capacity. Generally, the adsorption capacity of sawdust/ MnFe 2 O 4 nano composite was decreased as the number of regeneration cycle increase. These adsorption regeneration cycles were carried out to 3 times. The value of cycle 0 corresponds to the adsorption capacity of the original composite. The results obtained are represented in Fig. 13 . The reduction was relatively obvious and after the 3 cycle, the adsorption capacity was reduce (about 3-5%) 25, 34 .
CONCLUSION
MnFe 2 O 4 and sawdust/MnFe 2 O 4 nano composite were successfully prepared. The present study indicates that the sawdust, MnFe 2 O 4 and sawdust/MnFe 2 O 4 nano composite were used for adsorption of IC from aqueous solution. The sorbents were characterized using XRD, FTIR, SEM and BET. The presence of manganese ferrite on the surface of the sawdust did not significantly change on surface of the sawdust. The amount of sorbated dye was found to vary with initial pH, and adsorbent dose. The amount of dye removal was found to increase with decreasing pH (pH 2). The results indicated the sorption of IC data was found to follow pseudo second order kinetic model. The Freundlich adsorption model was used to express the sorption process of IC. The thermodynamic constants of adsorption were also evaluated. The negative value of G° confirms the spontaneous nature of adsorption process.
